ABSTRACT Background: Actinic keratoses (AKs) are premalignant actinic tumors of the skin. Evaluation of the role of diet in their development is lacking. Objective: The objective was to determine whether intake of certain food groups or dietary patterns retard the occurrence of AKs over a 4.5-y period. Design: In a community-based study of skin cancer in Queensland, Australia, food intake of 1119 adults was assessed in 1992, 1994, and 1996 by using a validated food-frequency questionnaire. Dermatologists counted prevalent AKs during full-body skin examinations in 1992 and 1996. The relative ratio (RR) of AK counts in 1996 relative to 1992 was compared across increasing intakes of 26 food groups, and for 3 dietary patterns identified by principal components analysis, with the use of generalized linear models with negative binomial distribution, allowing for repeated measures. All analyses were adjusted for confounding factors, including skin color and sun exposure indexes. Results: AK acquisition decreased by 28% (RR: 0.72; 95% CI: 0.55, 0.95) among the highest consumers of oily fish (average of one serving every 5 d) compared with those with minimal intake. Similarly, the rate of acquisition of AKs was reduced by 27% (RR: 0.73; 95% CI: 0.54, 0.99) in those with the highest consumption of wine (average of half a glass a day in this study population). There was no consistent association of dietary pattern with AK acquisition. Conclusion: Moderate intake of oily fish and of wine may decrease the acquisition of AKs and thus complement sun protection measures in the control of actinic skin tumors.
INTRODUCTION
Actinic keratoses (AKs) are premalignant lesions of the skin caused by long-term sun-induced damage and strongly predict all major types of skin cancer, particularly squamous cell carcinoma (SCC) (1) . Whereas effective prevention of skin cancers and AKs logically begins with a reduction in sun exposure, increasing evidence indicates that diet also plays a role (2) .
We recently showed that, after sun exposure was accounted for, a diet characterized by high intakes of meat and fat was associated with a doubling of incidence of SCC (3), whereas SCC incidence was halved among persons with past skin cancer who ate green leafy vegetables in relatively large amounts (4) . Evidence about diet in relation to AKs is scant however. In an intervention study in the United States, persons who followed a low-fat diet (20% of energy from fat) for 2 y developed a mean (6SD) of 3 6 7 AKs, significantly fewer than the 10 6 13 AKs observed in those who followed a control diet (40% of energy from fat) (5) . In a trial in Queensland that investigated daily dietary supplementation with 30 mg b-carotene in relation to the rate of development of AKs, there was no effect compared with a placebo (6) . Apart from these specific dietary interventions, no evidence exists about the possible effect of food intake or dietary patterns in general on sun-induced keratoses of the skin. We therefore investigated these issues in a longitudinal study of Australian adults.
SUBJECTS AND METHODS

Study population
This prospective study was conducted between 1992 and 1996 among randomly selected adults who were participating in a field trial of skin cancer prevention. Detailed descriptions of the community sample, the field trial, and its outcomes were reported previously (7) . In brief, the study population was representative of adult residents of the township of Nambour (26°S), Queensland, Australia. The skin cancer prevention trial evaluated in a 2-by-2 factorial design the effectiveness of both daily dietary supplementation with 30 mg b-carotene (mentioned above; 6) and daily application of 15 broad-spectrum sunscreen. Detailed information about skin color, skin reaction to sun exposure, occupational and leisure-time sun exposure, and other personal factors such as education and smoking were collected. The study was approved by the Ethics Committee of the Queensland Institute of Medical Research, and all participants provided written informed consent.
Dietary assessment
Food intake was assessed in 1992, 1994, and 1996 by using a validated, 129-item, self-administered food-frequency questionnaire (FFQ). For each food, a commonly used unit or portion size was specified, and participants were asked to estimate how often, on average, they had eaten the given amount of food over the past 6 mo. The 9 response options ranged from ''never'' to ''41 times per day.'' Additional questions asked the participants about specific types of butter, margarine, and cereals regularly consumed and specific fats and oils used for frying or roasting. Participants also estimated the number of teaspoons of sugar consumed per day (estimated as 4 g/tsp), the frequency of eating foods fried at home, the frequency of eating fried take-away foods, the consumption of visible fat in meat, and detailed information on the consumption of nutritional supplements. Reported consumption frequency for each food item was expressed as a proportion of daily use and multiplied by the standard serving size of each food specified in the FFQ to estimate grams of food intake (4).
We defined 26 food groups according to type of food or major nutrient content (Appendix A) based on associations hypothesized a priori between AKs and foods or nutrients high in antioxidants (fruit, vegetables, tea, and chocolate), high or low in fat, high in omega-3 (n23) fatty acids (oily fish), or known to be associated with SCC. The daily intakes of food groups (in g) were calculated by summing intakes of individual foods in each food group for each participant for each survey year. The 3 repeated food group intake assessments were found to be highly correlated, and the average was therefore calculated to reduce the random error in the food intake estimates. A validation study among a subsample of 96 Nambour Study participants showed good correlations (r . 0.50) with intake estimated from weighed food records for half of the food groups, including dairy products, breakfast cereals, bread, and tea and fair correlations (r 0.30) for most of the vegetable and fruit food groups (8) .
Assessment of AKs
During baseline (1992) and exit (1996) skin examinations for the trial, experienced dermatologists recorded counts of AKs at 14 separate body sites. An AK was defined as a discrete irregularly scaly lesion usually with some erythema. Counts were recorded as the number of defined AKs observed at each site, except where this number exceeded 50 or at sites where most of the skin surface was confluent with keratoses; on these sites, AK counts were classed as indeterminate.
Data analysis
Site-specific AK counts were combined to calculate the total number of prevalent AKs on the body at each skin examination. To assess the demographic and other personal characteristics of participants in relation to their total number of AKs at baseline, relative risks with 95% CIs were calculated by using generalized linear models with negative binomial distribution, adjusted for age and sex. The negative binomial distribution was used to analyze nonnegative integer data, which is overdispersed (usually due to aggregation of events within individuals) (9) . It also provided the best fit to our AK count data.
For analyses of foods, tertiles of intake of the 26 food groups were calculated. The outcome was the rate of change in AK counts and was defined as change in the prevalent number of AKs from 1992 to 1996 among participants who consumed larger amounts (second and third of 3 intake levels) of food groups compared with the change in participants who ate low amounts of food groups (lowest third of intake level). AK counts were modeled by using generalized linear models with negative binomial distribution, which allowed for repeated measures (6) . Estimation of the effect of increasing intakes of food groups on AK counts was achieved by specifying an interaction term, year 3 level (third) of food group intake, in the model. The use of a log-link function for the negative binomial model indicated the changes over time, and effects of food intakes were measured as relative, rather than as absolute, effects. Particularly for the 1992-1996 study period, we first obtained an estimated ratio of AK counts in 1996 relative to 1992 for each of the 26 food groups. We then assessed the magnitude of this ratio in the second and then the third intake level of each food group, relative to the lowest third of intake of the food group (provided by the interaction term and hereafter called the relative ratio (RR) for the estimated effect) to provide measurements of the effects of the middle and highest thirds of consumption of that food respectively on the rate of change in the number of prevalent AKs. Regarding the particular assessment of alcohol intake, the lowest third of beverage consumption comprised total abstainers and drinkers of all other alcoholic beverages except the one being studied. Models were fitted by using the GENMOD procedure in the SAS statistical package (version 9.1; SAS Institute, Cary, NC). All statistical tests were 2-sided, and a significance level of P , 0.05 was used.
For analyses of dietary patterns, grams of intake of all 129 food items in the FFQ and extra questions on consumption of sugar, fried foods (at home; take-away), and visible fat on meat were classified into 44 food groups (Appendix A) to represent the habitual diets of the participants. The average intakes across 1992, 1994, and 1996 were calculated for each of 44 food groups. PROC FACTOR in SAS was used for principal components analysis of food groups, and 3 factors were retained and rotated to derive an orthogonal solution; factor scores were derived by using the SCORE option and tertiles created from factor scores. Changes in the number of prevalent AKs from 1992 to 1996 among participants consuming larger amounts (second and third intake levels) of dietary patterns compared with low amounts of food groups (first third) were calculated.
For both food groups and dietary patterns, we initially applied models that controlled for the following factors measured at baseline: age, age squared, sex, trial treatment group, skin color, as well as energy intake averaged over 1992, 1994, and 1996. We next assessed potential confounding by additional known skin cancer risk factors, namely phenotype (tanning ability of the skin and eye and hair color), sun exposure (lifetime number of sunburns, occupational and leisure sun exposure, and neck elastosis,), sun protection (use of sunscreen and use of a hat at baseline and in 1996), as well as other demographic [education, birthplace (Australia/New Zealand versus elsewhere, and, if the FOOD, DIETARY PATTERNS, AND ACTINIC KERATOSES latter, age of arrival in Australia), and lifestyle (use of dietary supplements, physical activity)] factors. Covariates were retained if they changed the risk estimates by .10%. In addition, packyears of smoking was included a priori in all analyses (food groups and dietary patterns) because smoking has been shown to be associated with an increased incidence of SCCs (10, 11) , decreased likelihood of consuming high amounts of vegetables and fruit (12) , and reduced likelihood to participate in skin cancer-protective behaviors (13) . The final models in all analyses included age, age squared, sex, trial treatment group, skin color, lifetime number of sunburns, occupational sun exposure (mostly indoors, indoors and outdoors, and mostly outdoors), pack-years of smoking, and energy intake.
Sensitivity analyses were performed to assess possible residual confounding by factors that were independently associated with AK counts, including restriction of the analyses by country of birth and sun exposure behavior of participants. Finally, because of our previous finding that allocation to daily sunscreen use prevented AK acquisition (6), we restricted the analyses to the half of study participants who were not randomly assigned to daily sunscreen, to assess whether the results for all participants held true for those unaffected by the sunscreen intervention.
RESULTS
Of the 1621 Nambour residents who consented to participate in the field trial in 1992, 1205 (74%) had full body skin examinations in 1994 and 1996 ( Figure 1 ). An additional 81 individuals with at least one indeterminate AK count were excluded from this study. After excluding those who answered ,90% of the FFQ items (53 of 1447 in 1992, 6 of 1281 in 1994, and 8 of 1307 in 1996) and those with energy intakes outside normal limits (14) (34 in 1992, 32 in 1994, and 25 in 1996), we calculated the mean food group intake for 1529 participants, of whom 1123 had complete and exact AK counts in 1992 and 1996. On the basis of chi-square residuals from preliminary analyses, an additional 4 participants were identified as having influential observations and were excluded, which left 1119 in the final study sample ( Figure 1 ). (At least 2 FFQs were used to calculate mean intakes for 1092 participants, and 1 valid FFQ was used for 27 participants.) On average, the 502 excluded from analysis were older, less likely to have skin that tanned without burning, and more likely to have signs of severe sun damage (elastosis) of skin at the back of the neck compared with the 1119 participants who were included. There were no significant differences in other phenotypic factors, smoking, sun exposure, trial treatment groups or food group intake between those excluded and the 1119 included in the present study.
The mean (6SD) age of the 1119 participants was 48 6 13 y, and 57% were female. At baseline, 600 (54%) participants had no AKs and 242 had 5 AKs on skin examination; the overall mean number of AKs was 3.6 6 7.7. As expected, increasing age and male sex were significantly associated with AK prevalence: for every year's increase in age, there was a 9% increase in risk of AK; compared with females, males had twice the risk of AK. After adjustment for age and sex, being born in Australia/New Zealand, having sun-sensitive skin, engaging in mainly outdoor leisure activities, an increasing number of sunburns, and showing severe elastosis of the neck were all significantly associated with a high prevalence of AKs ( Table 1) . By 1996, the overall mean number of AKs on the whole body had risen to 4.8 6 9.3 in the 1119 study participants; 528 (47%) participants had no AKs, 249 (22%) had fewer AKs in 1996 than in 1992, 476 (43%) had the same number of AKs in 1996 and in 1992, and 394 (35%) had more AKs in 1996 than in 1992.
Food groups
After full adjustment for sun exposure and other factors, including randomized trial treatment groups, the strongest association was an inverse relation between amount of oily fish consumed and rate of acquisition of AKs. Between 1992 and 1996, AKs increased by 95% (ratio of 1.95) among people with the lowest intake of oily fish, by 45% (ratio of 1.45) among those with intermediate (middle third) intake, and by 41% (ratio of 1.41) among participants with the highest intake (upper third) after full adjustment ( Table  2 ). The average intake among participants in the middle third of oily fish consumption was one serving every fortnight on average (ranging from a serving every 10 to every 24 d), whereas in the upper third, the intake averaged at least one serving of oily fish every 5 d (ranging from a serving a day to a serving every 9 d). Assuming 120-125 g/serving of oily fish, these equate to average intakes of 8 g/d (range: 5-11 g/d) among intermediatelevel consumers and 25 g (range: 12-117 g) of oily fish per day among the highest consumers.
There was also a strong inverse relation between quantity of wine consumed (combination of white wine, red wine, and sherry/port) and AK acquisition rate. In preliminary analyses, in which these wines were analyzed separately, relative decreases in AK counts were seen as white wine/champagne intake increased with a 30% relative decrease in AK counts among the highest third of consumers (RR: 0.70; 95% CI: 0.51, 0.94). Similarly, those with the highest intakes of red wine and sherry/port in this community sample showed relative decreases of '20% in AK counts (but nonsignificant). However, drinkers of one type of wine were more likely to be drinkers of other types of wine as well. There were 401 people in the top third of white wine consumers, of whom 151 were also the highest consumers of red wine and 48 also the highest drinkers of sherry/port. Thus, when all wines and wine-based beverages were combined as ''wines,'' AK acquisition rates decreased with increasing consumption, with a 27% decrease in the highest third of consumers of wines (RR: 0.73; 95% CI: 0.54, 0.99) ( Table 2 ). The highest consumers of wines (all wine-based beverages combined) drank on average a glass of wine every 2 d (ranging from 3 glasses a day to a glass every 10 d). Increases in beer or spirits consumption showed no association with AKs.
AK counts rose with an increasing consumption of eggs and egg dishes, such that there was a 45% increase in AK acquisition rate in the highest third of egg consumption (RR: 1.45; 95% CI: 1.06, 1.97). AK acquisition also increased by 37% with pizza intake above the lowest level, but there was no increasing trend (Table 2) .
To assess the possibility of residual confounding of these associations by personal characteristics and behaviors that independently predicted AK occurrence (Table 1) , we controlled for the latter in further sensitivity analyses. When the analyses were restricted to those born in Australia/New Zealand or to people who had outdoor occupations, the results were essentially unchanged, however, except for somewhat stronger negative associations with white wine and oily fish consumption (data not shown). Finally, to ensure independence from the known preventive effect of sunscreen (6, 15, 16) , the observed food-AK associations were assessed by restricting analyses to the random half of study participants (n ¼ 560) not allocated to daily sunscreen use. The positive associations between AK acquisition rates and highest egg (RR: 1.33; 95% CI: 0.85, 2.08) and pizza (RR: 1.29; 95% CI: 0.86, 1.94) intakes were weakened considerably. Meanwhile the inverse association between AK occurrence and increasing wine intake was maintained with borderline significance (RR: 0.73; 95% CI: 0.51, 1.04). Although there was no association with an intermediate level of oily fish intake, the strong negative association between a relatively high oily fish intake and AK acquisition was preserved (RR: 0.66; 95% CI: 0.45, 0.98) compared with the lowest consumption level.
Dietary patterns
Three dietary patterns were derived: the vegetable-fruit pattern, the potato-sweets-meat pattern, and the alcohol-snacks dietary pattern, which are based on foods with high factor loadings in each (Appendix B). Rate of acquisition of AKs showed no association with increasing intakes under any of these dietary patterns ( Table 3 ). The only significant association observed was inverse, between the rate of acquisition of AKs and intermediate level of consumption of the vegetable-fruit pattern (RR: 0.67; 95% CI: 0.48, 0.94).
DISCUSSION
After skin type, sun exposure, and sun protection habits were accounted for, we observed that adults with relatively high intakes of oily fish or of wine in this Australian community have an '30% decrease in rates of AK acquisition over a 5-y period. Whereas there was a suggestion that increasing intakes of egg dishes and pizza were positively associated with acquisition of AKs, the associations were weak and did not appear to be robust and completely separable from sun-protection behavior. The combinations of foods that people consumed in adult life appeared not to affect AK rates.
There were no positive associations between AKs and high intakes of high-fat dairy foods or of fats and oils or red meat, independently or in combination with other foods. Previously, Black et al (5) showed that lowering the percentage of energy from fat from 40% to 20% while maintaining total energy intake FOOD, DIETARY PATTERNS, AND ACTINIC KERATOSES led to a reduction in the AK incidence over 2 y in an intervention study of 76 patients with a history of skin cancer. The results of the 2 studies are not really comparable, however, because in the present community-based study the mean energy intake from fat was 33%: only 9 of 1119 community members had energy intakes from fat 20%. On the other hand, we previously reported positive associations between SCCs and a high consumption of dietary fats in this study population (3, 4) , which lends indirect support to Black et al's findings.
Apart from the low-fat trial and our intervention study of b-carotene supplementation for AK prevention (with null results) (6) , there are no other data with which to compare the present findings of negative associations between AK acquisition and oily fish (tuna, salmon, and sardines) or wine consumption. Regarding oily fish, the average intake among the highest consumers in this study was 25 g oily fish/d, assuming 120-125 g oily fish/serving. Although all fish and seafood contain omega-3 fatty acids, oily fish has higher concentrations (17) . The potential role of omega-3 fatty acids in protecting the skin from ultraviolet-induced damage was reviewed recently (18) . On the basis of animal models, it is hypothesized that omega-3 fatty acids protect against inflammation in skin cells (19, 20) and can modulate the immune response after ultraviolet exposure (21) (22) (23) . Studies in humans have shown that supplementation with EPA, a long-chain omega-3 fatty acid, increased the resistance of the skin to ultraviolet-induced erythema (24, 25) , reduced the expression of p53, and reduced strand breaks in peripheral blood lymphocytes after ultraviolet radiation (25) . Omega-3 fatty acids are also known to compete with arachidonic acid in the membranes of cells and thus interfere with the synthesis of proinflammatory lipid mediators such as prostaglandin E 2 (26, 27) . Finally, higher concentrations of omega-3 polyunsaturated fatty acids in cell membranes may be damaged preferentially by free radicals and, thus, protect other vital structures against damage (19, 25, 28) . Oily fish are also good sources of fat-soluble vitamins, such as retinol and vitamin D (29) . Retinol has been hypothesized to prevent skin cancer by decreasing cellular proliferation, enhancing cellular differentiation, and increasing epidermal thickness (11, 30) , although the results of human studies on retinol supplementation and skin cancer have been inconsistent (30) . Similarly, vitamin D acts as a nuclear transcription factor that regulates cell growth, differentiation, and apoptosis (31) . The level of wine consumption in the Nambour study population was generally low, and people with the highest third of wine consumption in the community sample drank moderate amounts in absolute terms: 2-3 glasses of white wine plus 1-2 glasses of red wine/wk. The low red wine consumption limited the power to detect a statistically significant inverse association of AKs with red wine specifically. These data indicated that rates of change in prevalent AKs were reduced among people who consumed approximately half a glass of wine daily (or 68 g/d, based on 120 g per standard glass of wine). One is unable to say whether the negative association would have continued in a linear fashion with increased intake of wine beyond this modest level of consumption. Components of wine that may explain its tumorprotective biologic effects include polyphenolic compounds such as catechins, quercetin, resveratrol, and gallic acid, which have antioxidant properties and a large range of biological activities (32) , eg, the inhibition of growth of human cancer cells (33, 34) .
Resveratrol, found largely in the skin and seeds of grapes, is not only an antioxidant but also has strong antiinflammatory and antiproliferative activities and has been shown to prevent tumorigenesis in mice models (35, 36) . Moreover, other flavonoids in wines have been related to the inhibition of specific pathways involved in ultraviolet-induced damage (37) . The low absolute wine intake in the study population, however, raises some uncertainty about whether the observed negative associations between wine consumption and AKs are truly linked to their causation. An alternative explanation is that moderate wine intake remains a marker of associated behaviors that protect against AK development, despite our attempts to strictly control for all known confounding factors in our analyses. We observed no association between wine and SCC in the same population; an isolated increase in secondary SCC incidence with above median consumption of sherry/port (equivalent to less than a standard drink per week) was considered a chance finding (38) .
The strengths of this study were its prospective design and the fact that all AKs were counted by dermatologists. Full information on sun exposure and other related factors was accounted for in multivariate models and we further assessed the robustness of our findings by conducting a broad range of sensitivity analyses, including allocation to a known protective measure, namely daily sunscreen use, in the trial period. Whereas there may have been some misclassification due to error in the estimation of dietary intake, the FFQ used in this study has shown reasonably high validity when compared with weighed food records. We also considered the possibility that diet was linked to the participants' propensity to visit their doctors, which resulted in the differential removal of AKs, and thus explains our results. However, on the basis of a follow-up study of AKs in Nambour, when only '6% of all AKs were treated in a given 12-mo period (39), it appears that any effect of differential treatment on our results would be minimal.
In conclusion, we showed that moderate intakes of oily fish (an average of one serving every 5 d) and of wine (an average of half a glass per day) decreases the rate of acquisition of AKs. Thus, there may be a role for diet as well as for sun protection in the reduction of AKs in predominantly white populations, who may be at risk because of regular recreational exposure in sunny environments. If the beneficial effects on AKs of moderate consumption of certain foods were confirmed, it would offer a means of mitigating the substantial burden that treatment of skin tumors and skin cancers imposes on health systems in Europe, the United States, and Australia (40).
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